D3 



(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE Zl J SAMMEN ARBEIT AUF DEM GEBIET DES 
PATENTWESENS (I'CT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG 



(19) Weltorganisation fur geistiges Eigentum 

Internationales Biiro 



iiiiiii^i^ifriPiPjiii^iihfiiiiii 



12. Juni 2003 (12.06.2003) 



:hungsdatum 



PCT 



(10) Internationale Veroffentlichungsnummer 

WO 03/048775 A2 



(21) Internationales Aktenzeichen: 



G01N 33/68, (71) Anmelder (furalleBeslimmungsstaatenmitAusnahmevon 
US): BIOVISION AG [DE/DE]; Feodor-Lynen-Strasse 5, 
30625 Hannover (DE). 

PCT/DE02/04360 



(22) Internationales Anmeldedatum: 

27. November 2002 (27. 1 1 .2002) 



(25) Einreichungsspracbe: 

(26) Veroffentlichungssprache: 



(30) Angaben zur Prioritat: 

101 58 180.7 28. November 2001 (28.11.2001) 



(72) 

(75) Erfinder/Anmelder (mar fur US): LAMPING, Norbert 

[DE/DE]; Siegesstrasse 8, 30175 Hannover (DE). ZUCHT, 
Hans-Dieter [DE/DE]; Von-Escherte-Strasse 6, 30539 
Hannover (DE). SELLE, Hartmut [DE/DE]; Eickenriede 
15, 30459 Hannover (DE). JURGENS, Michael [DE/DE]; 
Waldstrasse 22, 30163 Hannover (DE). HEINE, Gabriele 
[DE/DE]; Waldstrasse 22, 30163 Hannover (DE). HESS, 

[Forlsetzung auf der nachsten Seite] 



■ (54) Bezeichnung: VBRFAHREN ZUM NACHWEIS VON MORBUS ALZHEIMER UND ZUR UNTERSCHEIDUNG VON 
[ MORBUS ALZHEIMER GEGENUBER ANDEREN DEMENZIELLEN ERKRANKUNGEN, ZUGEHORIGE PEPTIDE UND 
i DEREN VERWENDUNGEN 



H2N-H1 



MAC3-1 
MAC3-2 
MAC3-3 
MAC3^ 
MAC3-6 



C3g C3d /C3f 




1320 Aminosaure im C3 



MAC3-7 
MAC3-8 
MAC3-9 
MAC3-10 
MAC3-11 
IWAC3-12 
MAC3-13 

MAC3-14 

MAC3-15 rl-SfCClHRIH-r2 
MAC3-16 r3-««SAaX-r4 



(57) Abstract: The invention relates to defined 
peptides and the quantitative determination thereof in 
the body fluids of patients suffering from Alzheimer's 
disease in relation to the concentration thereof in a 
control group of patients who are healthy or suffer 
from other dementia] diseases. The inventive peptides 
originate from the C3f fragment of the complement 
C3 protein precursor with the corresponding gene 
and are modified in a specific manner and are 
optionally post-translationally or chemically modified. 
Modification occurs with respect to the concentrations 
of said peptides in patients in a manner which is 
specific to each peptide when compared with the 
control group. A specific and significant modification 
of the concentration of said peptides in relation to the 
concentration thereof in healthy persons indicates a 
differentiation with respect to Alzheimer' s disease. The 
invention also relates to the use of said peptides as a 
progress control, and in the development of diagnostic 
and therapeutic agents. 



[Fortsetzung auf der Mchsten Seite] 



US 20050048584A1 

(i9) United States 

(12) Patent Application Publication (io) Pub. No.: us 2005/0048584 Al 

Lamping et aL (43) Pub. Date: Mar. 3, 2005 



(54) METHOD FOR DETECTING ALZHEIMER'S 
DISEASE AND DIFFERENTIATING 
ALZHEIMER'S DISEASE FROM OTHER 
DEMENTIAL DISEASES ASSOCIATED 
PEPTIDES AND USE THEREOF 

(76) Inventors: Norbert Lamping, Hannover (DE); 

Hans-Dieter Zucht, Hannover (DE); 
Harmut Selle, Hannover (DE); 
Michael Jurgens, Hannover (DE); 
Gabriele Heine, Hannover (DE); 
Rudiger Hess, Hannover (DE) 

Correspondence Address: 

WHITHAM, CURTIS & CHRISTOFFERSON, 
P.C. 

11491 SUNSET HILLS ROAD 
SUITE 340 

RESTON, VA 20190 (US) 

(21) Appl. No.: 10/497,073 

(22) PCT Filed: Nov. 27, 2002 
(86) PCT No.: PCT/DE02/04360 

(30) Foreign Application Priority Data 
Nov. 28, 2001 (DE) 101 58 180.7 



Publication Classification 

(51) Int. CI. 7 C12Q 1/68; G01N 33/53; 

G01N 33/567 

(52) U.S.C1. 435/7 2; 435/6 



(57) ABSTRACT 

The invention relates to denned peptide and the quantiative 
determination thereof in the body fluids of patients suffering 
from Alzheimer's disease in relation to the concentration 
thereof in a control group of patients who are healthy or 
suffer from other dementia diseases. The inventive peptides 
originate from the C3f fragment of the complement C3 
protein precursor with the corresponding gene and are 
modified in a specific manner and are optionally post- 
translationally or chemically modified. Modification occurs 
with respect to the concentrations of said peptides in patients 
in a manner which is specific to each peptide when com- 
pared with the control group. A specific and significant 
modification of the concentration of said peptides in relation 
to the concentration thereof in healthy persons indicates a 
differentiation with respect to Alzheimer's disease. The 
invention also relates to the use of said peptides as a progress 
control, and in the development of diagnostic and therapeu- 
tic agents. 
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METHOD FOR DETECTING ALZHEIMER'S 
DISEASE AND DD7FERENTIATING ALZHEIMER'S 
DISEASE FROM OTHER DEMENTIAL DISEASES 
ASSOCIATED PEPTIDES AND USE THEREOF 

[0001] The invention relates to a method for detecting 
Alzheimer's disease, in particular a method which makes it 
possible to differentiate Alzheimer's disease from other 
dementia diseases. For this purpose, the concentration of 
particular peptides in body fluids or other samples from the 
patient is measured. The invention further relates to pep- 
tides, antibodies, nucleic acids etc. which have been found 
for determining the presence and/or the grade of the disease, 
and to uses thereof for diagnosis and therapy. 

[0002] Dementia diseases represent an increasing problem 
because of the demographic shift toward and ever longer life 
expectancy since they occur to an increasing extent as age 
advances. Dementia diseases are in most 20 cases incurable 
and make long-term care of the patients necessary. 

[0003] About half of these patients receive in-patient care. 
More than 60 dementia diseases are known, including dis- 
eases associated with manifestations of dementia. Alzhe- 
imer's disease is the commonest disease in the group of 
dementia diseases [1]. The diagnosis and therapy of Alzhe- 
imer's disease is therefore of particularly great importance. 
Alzheimer's disease is a neurodegenerative disease which is 
distinguished by the following symptoms: decline in intel- 
Iccmal abilities, short-term and long-term memory impair- 
ments, confusion and diminished ability to look after one- 
self. The deterioration in intellectual capacity occurs in 
addition to the age-related deterioration in intellectual abili- 
ties [1]. 

[0004] Diagnosis of Alzheimer's disease is difficult 
because it, just like other dementia diseases, has an insidious 
onset and is associated with a slowly progressive destruction 
of nerve cells in the brain and, associated therewith, dimin- 
ished mental capacity. Various other dementia diseases, such 
as, for example, vascular dementia, display very similar 
symptoms, which makes it very difficult to differentiate 
diagnostically between Alzheimer's disease and other 
dementia diseases. 

[0005] A widely used method for diagnosing dementia 
diseases is determination of the MMSE score (mini-mental 
status examination, MMSE) [2]. However, this test does not 
allow different dementia diseases to be reliably differenti- 
ated. Clinically measurable laboratory parameters which can 
be used are determination of the concentration of lau protein 
and of the beta-amyloid isoform which is 42 amino acids in 
size, there being an increase in tau and a decrease in 
beta-amyloid in the cerebrospinal fluid of patients with 
Alzheimer's disease. Although both markers display high 
sensitivity, they display only low specificity. This greatly 
restricts their diagnostic value, so that it can be said that at 
present no diagnostic marker for reliable diagnosis of Alzhe- 
imer's disease is available [3]. 

[0006] Since at present no reliable diagnosis of Alzhe- 
imer's disease is possible, nor is effective therapy, the 
provision of a reliable, clinically measurable parameter for 
detecting Alzheimer's disease and for differentiating this 
neurodegenerative disease from other dementia diseases 
represents an important medical advance. The present inven- 
tion additionally has great importance for the development 



of therapies for the treatment of Alzheimer's disease because 
a reliable diagnosis of the disease to be treated is a precon- 
dition for developing therapies. This is particularly impor- 
tant when different diseases with similar symptoms exist, but 
these diseases presumably have different causes and there- 
fore require different therapies. Alzheimer's disease cannot 
at present be reliably differentiated from other dementia 
diseases [3]. 

[0007] The invention is based on the object of avoiding the 
prior art disadvantages in the diagnosis of Alzheimer's and 
of providing a method which can be used early and reliably 
for detecting and for differentiating Alzheimer's disease 
from other dementia diseases. 

[0008] It has surprisingly been found that only in samples 
of body fluids from patients suffering from Alzheimer's 
disease, especially in the cerebrospinal fluid, does the con- 
centration of particular peptides differ from a reference 
value and makes it possible to detect Alzheimer's disease 
and to differentiate patients with Alzheimer's disease from 
patients with other dementia diseases and healthy people. 
Changes in the concentration of these peptides relative to the 
reference value, which can be determined for example on the 
basis of control samples, indicate the presence of Alzhe- 
imer's disease and are therefore suitable for the selective 
detection of this disease with high sensitivity and specificity. 

[0009] The peptides are fragments of the precursor mol- 
ecule complement C3, in particular a defined peptide which 
is 17 amino acids long and is derived from complement C3 
and which is referred to as C3f [4], It was additionally 
possible to detect a further C3f peptide in which the C-ter- 
minal amino acid arginine is eliminated (C3f-des-Arg) in the 
cerebrospinal fluid from patients with Alzheimer's disease in 
concentrations which differs from the concentrations of the 
respective peptide in people with non-Alzheimer dementia 
or healthy people. 

[0010] We have been able to detect and identify further 
novel previously unknown variants of the C3f peptide in 
human hemoiiltrate and plasma, and they can therefore also 
be used for diagnostic purposes in patients with Alzheimer's 
disease. 

[0011] Not only the term C3f but also the term C3F occurs 
in the literature, and C3F is not identical to C3f. On the 
contrary, C3F stands for "C3-fast", a complement C3 poly- 
morphism which has the effect that the complete precursor 
molecule of this C3 variant migrates more rapidly in the 
electric field of the gel electrophoresis. 

[0012] Hereinafter, the C3f peptide and the C3f peptide 
variants derived therefrom are referred to as "Alzheimer's 
disease complement C3 peptides" (ADC3 peptides). The 
sequence of C3f is identical to the sequence Seq. ID 1 from 
the sequence listing, and to the sequence of ADC3-1. ADC3 
peptides comprise at least 8 and at most 17 amino acids, 
which are identical to the amino acids at the corresponding 
sequence positions in the sequence of C3f corresponding to 
Seq. ID 1. In addition, ADC3 peptides may comprise two 
point-mutated, two deleted or two additional internally 
inserted amino acids, and N-terminal and/or C-terminal 
extensions corresponding to Seq. ID 1. However, in these 
cases they must retain at least 8 amino acids from the 
sequence from Seq. ID 1 at the appropriate sequence posi- 
tions. In addition, C3f peptides and C3f peptide fragments 
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derived from naturally occurring complement C3 polymor- 
phisms and from naturally occurring C3 mutants are also 
referred to as ADC3 peptides. 

[0013] To achieve the object, the invention encompasses a 
method for detecting Alzheimer's disease by determining 
the concentration of at least one marker peptide in a bio- 
logical sample from a patient that at least one ADC3 peptide 
is used as marker peptide, a concentration increase or 
concentration reduction, which is specific for the respective 
marker peptide, is found for the marker peptide in the 
sample, a marker peptide concentration change in the afore- 
mentioned manner is regarded as positive detection result 
for Alzheimer's disease. 

[0014] In this connection, it is possible in principle for 
each ADC3 peptide either to undergo only an increase in the 
peptide concentration in patients with Alzheimer's disease, 
or it is possible in principle for an ADC3 peptide to undergo 
only a reduction in the peptide concentration in patients with 
Alzheimer's disease. For a denned ADC3 peptide it is not 
possible for the ADC3 peptide concentration simultaneously 
to be increased in one individual patient with Alzheimer's 
disease and to be reduced in another patient with Alzhe- 
imer's disease. As with virtually all medical diagnoses of 
diseases, however, it is possible for a diagnosis to be wrong 
in a few individual cases because the concentration of the 
ADC3 peptides does not differ with hundred percent prob- 
ability in each individual patient with Alzheimer's disease 
from the concentration of the ADC3 peptides in control 
samples. 

[0015] Peptides which can be regarded as fragments of the 
complement C3f sequence, or the C3f peptide itself, are 
referred to as ADC3 peptides for the purposes of this 
invention. They include homologous peptides and peptide 
fragments derived from the complement C3f fragment. They 
include derivatives of naturally occurring alleles of these 
peptides and homologous mutants, in particular point-mu- 
tated mutants with preferably not more than two amino acids 
differing from complement C3. Preferred markers according 
to the invention are indicated in the sequence listing and are 
numbered from ADC3-1 to ADC3-16, corresponding to Seq. 
ID 1 to 16, where ADC3-1 corresponds to Seq. ID 1, ADC,.;, 
to Seq. ID 2, ADC3-3 to Seq. ID 3 etc. 

[0016] Homologous sequences mentioned in the present 
application mean sequences having at least 70 percent 
homology. The homology between sequences can be deter- 
mined using computer programs such as, for example, the 
GCG program package (Genetics Computer Group, Univer- 
sity of Wisconsin, Madison, Wis., USA), including GAP [5], 
BLASTP, BLASTN, FASTA [6] or the well-known Smith 
Waterman algorithm for determining homologies. Preferred 
parameters for the amino acid sequence comparison com- 
prise the algorithm of Needleman and Wunsch [7], the 
comparison matrix BLOSUM 62 [8], a gap penalty of 12. a 
gap length penalty of 4 and a threshold of similarity of 0. 
The GAP program is also suitable for use with the afore- 
mentioned parameters. The aforementioned parameters are 
the default parameters for amino acid sequence compari- 
sons, where gaps at the ends do not reduce the level of 
homology. When sequences are very short compared with 
the reference sequence, it may additionally be necessary to 
increase the expectation value as far as 100000 and, where 
appropriate, to reduce the word size as far as 2. Further 



examples of algorithms, gap opening penalties, gap exten- 
sion penalties, comparison matrices including those men- 
tioned in the program handbook, Wisconsin package, ver- 
sion 9, September 1997, can be used. The selection will 
depend on the comparison to be carried out and additionaly 
on whether the comparison is carried out between sequence 
pairs, in which case GAP or Best Fit are preferred, or 
between a sequence and a comprehensive sequence data- 
base, in which case FASTA or BLAST are preferred. An 
agreement of, for example, 70% found using the abovemen- 
tioned algorithm is referred to as 70% homology. Homolo- 
gous sequences in the present application mean in principle 
all sequences having at least 70% agreement, where the 
agreement is calculated in accordance with the aforemen- 
tioned description. This refers both to amino acid sequences 
and to nucleic acid sequences. 

[0017] The marker peptides may be in the form of post- 
translational modifications and/or in enzymatically and/or 
chemically modified form, preferably as peptide oxides, and 
be detected in this form. Achemically orpost-translationally 
modified complement C3 peptide or ADC3 peptide may 
consist both of D- and of L-amino acids, and of combina- 
tions of D- and L-amino acids, and may either occur 
naturally, be produced recombinantly or enzymatically or be 
synthesized chemically. These peptides may additionally 
comprise unusual amino acids, i.e. amino acids which do not 
belong to the 20 standard amino acids. Numerous examples 
of unusual amino acids and pos-translational modifications 
such as, for example, phosphorus and sulfate groups, gly- 
cosilations, amidations, deamidations, pyroglutamic acid 
etc. are described in the literature and in databases [9]. 
[0018] It is additionally possible for the purposes of the 
invention for one or more amino acids or the entire peptide 
to be replaced by structures consisting of peptidomimetics. 
The term peptidomimetics is used in the present application 
in the form of the widest possible definition. A peptidomi- 
metic is a substance which comprises non-peptide structural 
elements and is able to imitate or antagonize the biological 
effect of the natural parent molecule. Numerous studies 
which deal in detail with possibilities of using peptidomi- 
metics as substitute for conventional peptide structures are 
known in the prior art. 

[0019] Nucleic acids are regarded as being DNA, RNA 
and DNA-RNA hybrid molecules both of natural origin and 
prepared synthetically, enzymatically or recombinantly. 
Also included are nucleic acids which comprise modified 
nucleotides with altered in vivo stability, such as, for 
example, phosphorothioates. Such stabilized nucleic acids 
are already used in the application of ribozyme, antisense 
RNAi ("RNA-mediated interference") and triplex nucleic 
acid techniques. 

[0020] The method of the invention is a method in which 
there is measurement of specific biomarkers whose concen- 
tration is changed in neurodegenerative diseases, especially 
in Alzheimer's disease, and which indicate the disease even 
at a very early stage and indicate an increased probability of 
a disease risk at an early time. This is important in order to 
provide a reliable clinical marker for diagnosing these 
diseases. 

[0021] It is possible and preferable for the concentration of 
the ADC3 peptides in the sample, but also the characteristic 
pattern of DC currence of a plurality of particular ADC3 
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peptides, to be correlated with the severity of the disease. 
These novel markers therefore make it possible to develop 
and monitor therapies for the treatment of Alzheimer's 
disease, because the course and any successful cure resulting 
from a therapy or a diminished progression of the disease 
can be established. Effective therapy of Alzheimer's disease 
is not possible at present, underlining the urgency for the 
provision of a reliable detection method for Alzheimer's 
disease Alzheimer's disease, because reliable detection of 
the disease is a precondition for the development of a 
therapy. 

[0022] Detection of ADC3 peptides additionally makes it 
possible in the framework of clinical studies to develop 
novel therapies for the treatment of Alzheimer's disease with 
high specificity to select only those patients suffering from 
Alzheimer's disease and not from other, similar diseases. 
This is important for obtaining valid study results, because 
patients incorrectly diaposed as patients with Alzheimer's 
disease have a negative influence on the quality of the results 
of a study on Alzheimer's disease therapy. 

[0023] Complement C3 Biology 

[0024] The complement system plays a central role in 
specific and nonspecific immune defences and consists of 
more than 30 proteins, of which some are proteases and 
others, in turn, are substrates of these proteases. The mode 
of functioning of the complement system is based on a type 
of chain reaction at the start of which a substance, e.g. a 
bacterial cell membrane, activates a component of the 
complement system, this complement factor in turn activates 
the next complement factor etc. The complement activation 
may also lead to lysis of the host's own healthy cells which 
are by chance in the vicinity of the complement activation 
site. This process is also called the bystander effect, and it 
may result in wide-ranging tissue damage. Some peptides 
released during the complement cascade by proteolytic 
cleavage of individual complement proteins, especially the 
anaphylatoxins C3a and C5a, stimulate immune cells in a 
variety of ways and thus lead to a local inflammatory 
reaction [10]. Anaphylatoxin C3a has, for example, cyto- 
toxic, vasodilating and cell-stimulatory properties. Besides 
anaphylatoxin C3a, a number of other complement C3 
cleavage products are known, such as, for example, C3b, 
C3c, C3d, C3g, C3e and C3f (FIG. 1). A biological function 
is known for some of these C3 peptides, but not for all. 

[0025] Factor I eliminates from C3b initially a small 
peptide with a length of 17 amino acids, C3f, and subse- 
quently several other defined C3 peptides, including C3dg. 
C3dg is then cleaved further to C3d and C3g. C3b is 
inactivated in this way [11]. The C3d peptide is the C3 
peptide in which the thiol ester group is present in the intact 
C3 molecule, and which therefore occurs covalently linked 
to complement-activating substances. Scientific investiga- 
tions show that C3f in some cases mediates biological effects 
similar to C3a. C3f and C3a lead to contraction of smooth 
muscle and increased vascular permeability [11]. In addi- 
tion, the C-terminal amino acid in C3a and in C3f is an 
arginine, and elimination of this amino acid changes the 
biological activity both of C3a and of C3f. The resulting 
products are called respectively C3a-des-Arg and C3f-des- 
Arg. It is presumed that C3f and C3a use, at least in part, the 
same receptors, which might explain their similar biological 
effects [11]. 



[0026] C3 is synthesized mainly by the liver, but also 
locally by monocytic cells and macrophages. During bacte- 
rial meningitides, i.e. in bacterial infections in the brain, C3 
concentrations in the cerebrospinal fluid are increased about 
20-fold. There is likewise an increase in the C3 concentra- 
tion in the CSF in Alzheimer's disease, but only by a factor 
of two, as the C3 concentration in the cerebrospinal fluid 
remains unchanged in other inflammatory reactions in the 
brain such as, for example, an aseptic meningitis [12]. 
Complement proteins and their receptors are also synthe- 
sized inter alia by microglia, astrocytes and by neurons. The 
amount of mRNA and protein of the complement proteins 
CI to C9 is increased in the brain of patients with Alzhe- 
imer's disease relative to the brain of healthy people. The 
concentration of C3 and C4 is changed least relative to 
healthy people, with a 2-fold increase in the brain and 
unchanged concentrations in the liver. Various other comple- 
ment proteins are increased considerably more in the brain 
of patients with Alzheimer's disease relative to healthy 
people: Clq mRNA is increased 23-fold, Clr 5-fold, C7 
6-fold and C9 is increased 22-fold [12]. It is therefore 
surprising and unexpected that fragments of the complement 
C3 protein and not fragments of other complement proteins 
are suitable as markers of Alzheimer's disease. 

[0027] Deposits present in the form of plaques and tangles 
in the brain of patients with Alzheimer's disease consist 
mainly of bela-amyloid and tan pro tun Besid icse main 
components, however, a large number of other proteins has 
been identified immunohistologically in these deposits. 
These proteins include, inter alia, 1-antichymotrypsin, syn- 
aptophysin, cystatin C, heme oxigenase, various apolipo- 
proteins such as Apo E4, Apo J and Apo Al, IL-6, the AMY 
antigen, prion protein, beta-spectrin, alpha-2-macroglobu- 
iin, lactoferrin and various complement proteins such as 
Clq, C3 and C4d. In addition to proteins, these deposits also 
comprise sugar structures such as, for example, heparan 
sulfate. These deposits thus represent complex structures of 
proteins and other substances. It was discovered in 1982 by 
Eikelenboom et al. that deposits in the brain of patients with 
Alzheimer's disease contain complement C3 inter alia, and 
that beta-amyloid presumably activates the complement 
cascade, and it was possible to show this experimentally in 
subsequent studies [13]. 

[0028] Preferably Embodiments of the Invention 

[0029] We have detected the complement C3 peptide C3f 
and various partial sequences of C3f in various body fluids 
such as, for example, hemofiltrate, plasma or cerebrospinal 
fluid. The peptides ADC3-3 to ADC3-16 are C3f peptide 
fragments which have never to date been described in the 
literature and are therefore novel as substances. ADC3-1 and 
ADC3-2 are already known from the literature [4, 11]. 
However, one of the peptides ADC3-1 to ADC3-16 has to 
date been suggested to be connected with neurodegenerative 
diseases, and consequently their use as diagnostic markers 
for detecting Alzheimer's disease is novel. This is the case 
in particular because it is known that the precursor molecule 
complement C3 is processed to numerous known and accu- 
rately defined peptides, and it was therefore unexpected and 
could not have been predicted by the skilled worker that only 
the C3f peptide and previously unknown C3f peptide frag- 
ments from the complement C3 precursor molecule can be 
used for diagnosing Alzheimer's disease, whereas no other 
complement C3 peptides were identified as suitable markers. 
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[0030] 

rl— represents either the amino acid serine or no amino acid is present at this 
sequence position, r2— represents a sequence which corresponds to the 
sequence or parts of the sequence of complement C3 for arniria acid 1313 to 
1320, and r2 can be between 0 and 8 ammo acids long, starting from amino 
acid 1312 of the C3 precursor. Correspondingly, r3— represents tie C3 
precursor sequence for amino acid 1304 to 1311 or parts thereof, and r3 can 
be between 0 and 8 amino acids long, starting from C3 amino acid 1312. r4 
corresponds to the amino acid arginine or, alternatively, no further amino acid 
is present at this position in the peptide sequence. 

[0031] The ADC3 peptides of the invention can exist in 
post-translational or chemical modification forms, thus 
influencing inter alia their masses and thus the identification 
by mass spectrometry and also their elution behavior on 
chromatography, such as, for example, on reverse phase 
chromatography. In particular, the peptides may be in oxi- 
dized, phosphorylated, glycosilated, sulfated, amidated form 
etc. in the sample to be investigated. Naturally occurring C3f 
peptides and C3f peptide fragments derived from comple- 



ment C3 polymorphisms or C3 mutants are likewise referred 
to as ADC3 peptides. The computer programs and algo- 
rithms used to determine that at least 8 amino acids agree 
with the C3f sequence (Seq. ID 1) are also used for deter- 
mining the homology of sequences [5-8]. 

[0032] The peptides are also regarded as ADC3 peptides in 
particular when a maximum of 2 of their amino acids differ 
from the corresponding sequence of the C3 precursor mol- 
ecule. It is permissible in this connection for there to be point 
mutations, deletions, insertions of amino acids and N-ter- 
minal and/or C-terminal extensions as long as the peptide 
sequence is between 8 and 17 amino acids long, at least 8 
amino acids are conserved relative to the C3 precursor 
sequence, and a maximum of 2 amino acids differ from the 
C3f sequence. 

[0033] For a positive detection of the disease, it is pro- 
vided for the concentration of the identified ADC3 pep- 
tide's) to be changed for each individual one of these 
peptides in a defined concentration which is either always 
speriftcally higher or always specifically lower for the 
particular peptide. The concentrations of the particular pep- 
tides can be used to determine the severity of the Alzhe- 
imer's disease, in particular as substitute or as supplement to 
carrying out a mini-mental status examination (MMSE). 

[0034] Control samples which are possibly used may be a 
pooled sample from various controls. The Alzheimer's dis- 
ease sample to be investigated may also be a pooled sample, 
and where there is a positive result individual investigations 
are carried out. A reference value for the particular indi- 
vidual ADC3 peptide can be determined from the results of 
the determination of individual ADC3 peptides in control 
samples. It is then possible in future measurements to 
differentiate patients suffering from Alzheimer's disease 
from patients not suffering from Alzheimer's disease to 
compare the determined measurement with this reference 
value in order to obtain a 



[0035] Ths body fluid sample may preferably be (human) 
cerebrospinal fluid (CSF) or a sample of another biological 
material such as, for example, serum, plasma, urine, stool, 
tear fluid, synovial fluid, lymph, etc. This depends inter alia 
on the sensitivity of the chosen detection method (mass 
spectrometry, ELlSAetc). Cell or tissue samples may also 
be used where appropriate. It is therefore provided in a 
further embodiment of this invention for cell or tissue 
homogenates to be produced, for example from human 
tissue samples obtained during biopsies, or from blood cells, 
for preparation of the sample to be investigated. These 
tissues can be comminuted for example with manual homog- 
enizers, with ultrasound homogenizers or with electrically 
operated homogenizers such as, for example, Ultraturrax, 
and subsequently be boiled in a manner known to a skilled 
worker in acidic aqueous solutions with, for example, 0.1 to 
0.2 M acetic acid for 10 minutes. The extracts are subse- 
quently subjected to the respective detection method, e.g. a 
mass spectrometric investigation. The samples can be pre- 
pared, for example where appropriate diluted or concen- 
trated, and stored in the usual way. 

[0036] Use of the ADC3 Peptides 

[0037] The invention further encompasses the use of at 
least one of the ADC3 peptides of the invention for the 
diagnosis of neurodegenerative diseases, especially Alzhe- 
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imer's disease, and the use of ADC3 peptides for obtaining 
antibodies or other agents which, because of their ADC3 
peptide-specific binding properties, are suitable for devel- 
oping diagnostic reagents for detecting this disease. The 
invention also encompasses the use of ADC3 peptides for 
obtaining phage particles which specifically bind these pep- 
tides, or which conversely present ADC3 peptides on their 
surface, and thus make it possible to identify binding part- 
ners of ADC3 peptides. 

[0038] Detection Methods for ADC3 Peptides 
[0039] Various methods can be used for detecting the 
ADC3 peptides within the framework of the invention. 
Methods suitable for this are all those which make it possible 
to detect ADC3 peptides specifically in a patient's sample. 
Suitable methods are, inter alia, physical methods such as, 
for example, mass spectrometry or liquid chromatography, 
molecular biology methods such as, for example, reverse 
transcriptase polymerase chain reaction (RT-PCR) or immu- 
nological detection techniques such as, for example, enzyme 
linked immunosorbent assays (ELBA). 

[0040] Physical Detection Methods 
[0041] One embodiment of the invention is the use of 
physical methods which are able to indicate the peptides of 
the invention qualitatively or quantitatively. These methods 
include, inter alia, mass spectrometry, liquid chromatogra- 
phy, thin-layer chromatography and NMR (nuclear magnetic 
resonance) spectroscopy etc. Quantitative measured results 
from a sample to be investigated, which were obtained for 
a group of patients suffering from neurodegenerative dis- 
eases, preferably Alzheimer's disease, are used for this. The 
probability of the presence of a disease and/or the severity 
of this disease can be inferred from these results. 

[0042] In a preferred embodiment of this invention, the 
peptides in the sample are separated by chromatography 
before the identification, in particular preferably by reverse 
phase chromatography, with particular preference for sepa- 
ration of the peptides in the sample by high-resolution 
reverse phase high-performance liquid chromatography 
(RP-HPLC). A further embodiment of this invention is the 
carrying out of precipitation reactions to fractionate the 
sample using precipitants such as, for example, ammonium 
sulfate, polyethylene glycol, trichloroacetic acid, acetone, 
ethanol etc. The fractions obtained in this way are then 
subjected to the particular detection method, e.g. the mass 
spectrometric investigation. Liquid phase extraction is used 
in a further embodiment of the invention. For this purpose, 
the sample is mixed for example with a mixture of an 
organic solvent such as, for example, polyethylene glycol 
(PEG) and an aqueous salt solution. Owing to their physical 
properties, particular constituents of the sample then accu- 
mulate in the organic phase, and others in the aqueous phase, 
and can thus be separated from one another. 

[0043] Reverse Phase Chromatography 

[0044] A particularly preferred embodiment of this inven- 
tion encompasses the use of reverse phase chromatography, 
in particular a C18 reverse phase chromatography column 
using mobile phases consisting of triftuoroacetic acid and 
acetonitrile, for separation of peptides in human cerebrospi- 
nal fluid. For example the fractions collected in each case 
each comprise 1/100 of the mobile phase volume used. The 
fractions obtained in this way are analyzed with the aid of a 



MALDI mass spectrometer (matrix-assisted laser desorption 
and ionization) using a matrix solution consisting of, for 
example, L(-) fucose and alpha-cyano-4-hydroxycinnamic 
acid dissolved in a mixture of acetonitrile, water, triftuoro- 
acetic acid and acetone, and thus the presence of particular 
masses is established and the signal intensity quantified. 
These masses correspond to the masses of the peptides 
ADC3-1 to ADC3-16 of the invention. 
[0045] Mass Spectrometry 

[0046] In a preferred embodiment of the invention, ADC3 
peptides can be identified with the aid of mass spectrometric 
determination, preferably a MALDI (matrix-assisted laser 
desorption and ionization) mass spectrometry. In this case, 
the mass spectrometric determination further preferably 
includes at least one of the following mass signals, in each 
case calculated on the basis of the theoretical monoisotopic 
mass of the corresponding peptide. It is possible for slight 
differences from the theoretical monoisotopic mass to show 
owing to the experimental error and the natural isotope 
distribution. In addition, in MALDI mass determinations a 
proton is added to the peptides owing to the method of 
measurement, whereby the mass increases by 1 dalton. The 
following masses correspond to the theoretical monoiso- 
topic masses of the peptides identified by us; calculated with 
suitable software, in this case GPMAW 4.02. These theo- 
retical monoisotopic masses may occur singly or in combi- 
nation in a sample: ADC3-1=2020.1/ADC3-2=1863.9/ 
ADC3-3=1637.8/ADC3-4=1479.7/ADC3-5=1263.6/ 
ADC3-6-1077.6/ADC3-7-1933.0/ADC3-8-1776.9/ 
ADC3-9=1846.0/ADC3-10=1689.9/ADC3-11=1717.9/ 
ADC3-12=1561.8/ADC3-13=1448.7/ADC3-14=1210.6/ 
ADC3-15^990.5 and ADC3-16S941.4 dalton. In addition, 
the experimentally determined masses of 2038 and/or 2054 
may appear. These two experimentally determined masses 
relate to ADC3-1 respectively as mono- and as dioxidized 
peptide. The symbolg(is greater than or equal to) is to be 
understood to mean that the relevant ADC3 peptides cannot 
have arbitrary larger masses but can have only the masses 
possible owing to the amino acids which are possibly 
additionally present at the ends of these peptides. The 
peptide can overall have a maximum length of 17 amino 
acids. Amino acids which may be additionally present at the 
ends of these peptides are not just any ones but only those 
which may be present al this sequence position owing to the 
sequence of the complement C3 precursor molecule. 

[0047] Mass Spectrometric Determination of the 
Sequence of the ADC3 Peptides 

[0048] For the further practical application of this embodi- 
ment, further confirmation of the result of detection is 
advisable and possible by establishing the identity of the 
peptides corresponding to the masses, taking account exclu- 
sively of peptide signals which may be derived from the 
complement C3f peptide. This confirmation takes place by 
identifying the peptide signals preferably using methods of 
mass spectrometry, e.g. MS/MS analysis [14]. 

[0049] Specific peptide fragments of the complement C3f 
peptide, and the C3f peptide itself (corresponding to ADC3- 
1), have been identified for the first time by the method of 
the invention, and their significance has been recognized. 
These C3f peptides and their derivatives are referred to 
herein as ADC3-1 to ADC3-16. Their sequences are indi- 
cated in the sequence listing under Seq. ID 1 to Seq. ID 16. 
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The ADC3 peptides mentioned under Seq. ID 15 and 16 
(ADC3-15 and ADC3-16) may comprise at the N and/or C 
terminus additional amino acids corresponding to the cor- 
responding sequence of the complement C3f peptide (Seq. 
ID 1, ADC3-1). The invention also encompasses the ADC3 
peptides prepared recombinantly or synthetically, and iso- 
lated from biological samples, in unmodified, chemicaEy 
modified or post-translationally modified form. In this con- 
nection, two point mutations and other differences are pos- 
sible as long as the ADC3 peptide has at least 8 amino acids 
which agree in their identity and their position within the 
peptide sequence with the complement C3f peptide. 

[0050] Molecular Biology Detection Techniques 

[0051] Finally, the invention also encompasses nucleic 
acids which correspond to complement C3 fragments, and 
especially those which correspond to the ADC3 peptides of 
the invention, the use thereof for the indirect determination 
and quantification of the relevant protein molecules. This 
also includes nucleic acids which represent, for example, 
noncoding sequences such as, for example, 5 ! - or 3'-untrans- 
lated regions of the mRNA, or nucleic acids which show a 
sequence agreement with the complement C3 nucleic acid 
sequence which is sufficient for specific hybridization 
experiments and which are therefore suitable for the indirect 
detection of relevant peptides, especially the ADC3 pep- 

[0052] One exemplary embodiment thereof encompasses 
the obtaining of tissue samples from patients and the sub- 
sequent determination of the concentration of an RNA 
transcript corresponding to the gene of complement C3 or 
corresponding to homologous genes. This entails compari- 
son of quantitative measured results (intensities) from a 
sample to be investigated with the measurements obtained in 
a group of patients suffering from Alzheimer's disease 
Alzheimer's disease and a control group. Methods which 
can be used for the quantification arc, for example, reverse 
transcriptase polymerease chain reaction (RT-PCR) or 
Northern blots in a manner known to the skilled worker. The 
probability of the presence of Alzheimer's disease and/or the 
severity thereof can be inferred from the results. 

[0053] Immunological Detection Methods 

[0054] In a further preferred embodiment of the invention, 
the ADC3 peptides can be identified using an immunological 
detection system, preferably an ELISA (enzyme linked 
immuno sorbent assay). This immunological detection picks 
up at least one ADC3 peptide. To increase the specificity, it 
is also possible and preferred to use the so-called sandwich 
ELISA in which the detection of the ADC3 peptide depends 
on the specificity of two antibodies which recognize differ- 
ent epitopes within the same molecule. However, it is also 
possible to use other immunological methods, e.g. direct or 
competitive immunological methods, to detect ADC3 pep- 
tides. Other ELISA-like detection techniques such as, for 
example, RIAs (radio immuno assay), ELI-Spot, lumines- 
cence chemoluminescence, electrochemoluminescence, 
fluorescence or bioluminescence immunoassay methods etc. 
are also suitable as immunological detection systems for 
ADC3 peptides. ADC3 peptides isolated from biological 
samples, recombinantly prepared or chemically synthesized 
can be used as standard for the quantification. Identification 
of the ADC3 peptide(s) is generally possible for example 
with the aid of an antibody directed to the peptide or peptide 



fragment, i.e. an antibody specific for the peptide. Further 
methods suitable for detecting peptides are, inter alia, West- 
em blotting, immunoprecipitation, dot-blots, plasmon reso- 
nance spectrometry (BIACORE™), phage particles, PNAs 
(peptide nucleic acids), affin ity matrices etc. Substances/ 
molecules suitable as detection agents are generally all those 
permitting the construction of a specific detection system. 

[0055] In all these immunoassay methods, it is preferred 
for the binding partner which is specific for the ADC3 
peptide to be immobilized on a suitable support. Supports 
which can be used are all known supports such as, for 
example, plastic tubes, microtiter plates, particles, micro- 
particles, protein chips etc. The binding partner can be 
immobilized directly on this support or the solid phase by 
adsorption or covalent coupling. A further possibility is to 
immobilize the binding partner for the ADC3 peptide indi- 
vidually via one pair of a binding pair such as, for example, 
biotin/avidin, biotin/streptavidin, antigen/antibody etc. 
These methods are known to the skilled worker. 

[0056] The invention further relates to a test kit for detect- 
ing Alzheimer's disease or a predisposition to Alzheimer's 
disease, which comprises at least one binding partner, pref- 
erably an antibody which is directed against an ADC3 
peptide. This binding partner is present in immobilized form 
bound to a suitable solid phase or a support, or may be 
provided in a form which makes immobilization possible. 
For example, the binding partner may be biotinylated if the 
biotin/avidin interaction is to be utilized as indirect binding. 

[0057] The binding partner may, however, likewise be 
present, in labeled form, or in a form which makes labeling 
possible, in the test kit. Indirect labeling can be inserted via 
the interaction of a binding pair such as avidin/biotin, or 
strsptavidin/biotin or digoxin/antidigoxin antibody. These 
methods are known to the skilled worker. 

[0058] The test kit may additionally, besides the immobi- 
lized or labeled binding partner, comprise a standard which 
consists of at least one ADC3 peptide. A plurality of solu- 
tions with different, known ADC3 peptide concentrations 
are normally supplied as standard. 

[0059] Obtaining of ADC3 Peptides and Anti-ADC3 Pep- 
tide Antibodies 

[0060] A further embodiment of the invention is the 
obtaining of ADC3 peptides using recombinant expression 
systems, chromatographic methods and chemical synthesis 
protocols which are known to the skilled worker. The ADC3 
peptides obtained in this way can be used inter aha as 
standards for quantifying the respective ADC3 peptides or as 
antigen for producing ADC3 peptide-specific antibodies. 
Methods known to the skilled worker and suitable for 
isolating and obtaining ADO peptides include the recom- 
binant expression of peptides. It is possible to use for the 
expression of the ADC3 peptides inter aha cell systems such 
as, for example, bacteria such as Escherichia coli, yeast cells 
such as Saccharomyces cerevisiae, insect cells such as, for 
example, Spodopterafrugiperda (Sf-9) cells, or mammalian 
cells such as Chinese hamster ovary (CHO) cells. These 
cells are obtainable from the American Tissue Culture 
Collection (ATCC). For recombinant expression of ADC3 
peptides, for example nucleic acid sequences which code for 
ADC3 peptides are inserted in combination with suitable 
regulatory nucleic acid sequences such as, for example, 
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promoters, antibiotic selectioa markers etc. into an expres- 
sion vector by molecular biology methods. A vector suitable 
for this purpose is, for example, the vector pcDNA3.1 from 
Invitrogen. The ADC3 peptide expression vectors obtained 
in this way can then be inserted into suitable cells, e.g. by 
electroporation. The ADC3 peptides can be prepared by 
chemical synthesis for example in accordance with the 
Merrifield solid-phase synthesis protocol using automatic 
synthesizers which are obtainable from various manufactur- 
ers. A further embodiment of this invention is the isolation 
of ADC3 peptides from biological samples or cell culture 
media or cell lysates from recombinant expression systems, 
e.g. using reverse phase chromatography, affinity chroma- 
tography, ion exchange chromatography, gel filtration, iso- 
electric focusing etc., or using other methods such as pre- 
parative immunoprecipitatioQ, ammonium sulfate 
precipitation, extraction with organic solvents etc. A further 
embodiment of the invention is the obtaining of monoclonal 
or polyclonal antibodies using ADC3 peptides. The obtain- 
ing of antibodies takes place in the conventional way 
f amiliar to the skilled worker. A preferred embodiment of the 
production and obtaining of ADC3 peptide-specific antibod- 
ies which recognize neo-epitopes which are present only on 
ADC3 peptides but not in the complete complement C3 
precursor molecule. Such anti-ADC3 peptide antibodies 
make the specific immunological detection of ADC3 pep- 
tides possible in the presence of the complement C3 pre- 
cursor molecule. 

[0061] Therapy Development and Monitoring Through 
ADC3 Peptide Determinations 

[0062] A further exemplary use is the quantitative deter- 
mination of the abovementioned ADC3 peptides for esti- 
mating the efficacy of a therapy under development for 
neurodegenerative diseases, in particular Alzheimer's dis- 
ease. This entails comparison of quantitative measured 
results from a sample to be investigated with the measure- 
ments obtained in a control group and a group of patients. 
The efficacy of a therapeutic agent can be inferred from 
these results. The testing of efficacy is of outstanding impor- 
tance for successful development of a therapeutic agent, and 
no clinically measurable parameter making this reliably 
possible is yet available far Alzheimer's disease [3]. 
[0063] Peptides which had undergone defined processing 
and defined post-translalional modification and were derived 
from the amino acid sequence of the complement C3f 
molecule, and the C3f peptide itself, which are present in the 
cerebrospinal fluid from patients with Alzheimer's disease in 
a concentration which is specifically positively or negatively 
changed for each peptide, relative to the control group, were 
identified by using these methods. 

[0064] Development of Therapeutic Applications of 
ADC3 Peptides 

[0065] The concentrations of ADC3 peptides are changed 
markedly in patients with Alzheimer's disease compared 
with healthy people. A further aspect of the invention is 
therefore the bringing of the ADC3 concentrations to normal 
concentrations in patients with Alzheimer's disease. This 
method can be employed for the therapy of Alzheimer's 
disease or related neurological diseases. When complement 
C3 or ADC3 peptide concentrations are increased, the con- 
centration of these substances can be reduced by therapeutic 
administration of, for example, anti-complement" C3 or 



anti-ADC3 peptide antibodies or complement C3-specific 
antisense nucleic acids, ribozymes, RNAi nucleic acid mol- 
ecules or triplex nucleic acids or ADC3 peptide antagonists 
or complement C3 antagonists. Substances which suppress 
the endogenous expression of complement C3 or the pro- 
cessing of complement C3 to ADC3 peptides can also be 
administered for therapy. If the disease is caused by a 
deficiency of complement C3 or ADC3 peptides, therapeutic 
doses of complement C3, ADC3 peptides, ADC3 peptide 
agonists or complement C3 agonists can be given. Sub- 
stances which influence the processing of complement C3 to 
ADC3 peptides can also be employed in therapy. Combina- 
tion of different therapeutic strategies is, of course, also 
possible and sensible in some circumstances. 

[0066] The invention therefore also encompasses the use 
of complement C3 peptides, ADC3 peptides, ADC3 peptide 
agonists and ADC3 peptide antagonists, complement C3 
peptide agonists and complement C3 peptide antagonists, 
anti-complement C3 antibodies and anti-ADC3 peptide anti- 
bodies for direct or indirect modulation of the concentration 
of complement C3 peptides and ADC3 peptides for the 
treatment of neurological diseases, in particular Alzheimer's 
disease. Alternative to antibodies, it is also possible to use 
antibody fragments, antibody fusion proteins or other sub- 
stances which bind selectively to complement C3 peptides 
or ADC3 peptides. It is also possible as alternative to said 
proteins and peptides for fusion proteins of said proteins and 
peptides to be used. The invention further encompasses also 
the use of antisense nucleic acids, triplex nucleic acids, 
RNAi nucleic acid molecules, ribozymes and other nucleic 
acids which modulate the expression of said proteins and 
peptides. The invention additionally encompasses agonists 
and antagonists which modulate the activity of said proteins. 

[0067] A further embodiment of the invention is the phar- 
maceutical formulation or chemical modification of the 
described peptides and nucleic acids to make it possible for 
them to cross the blood-brain barrier and/or the blood-CSF 
barrier more efficiently. They are thus made particularly 
suitable for therapeutic use. In order to achieve this, it is 
possible for example for ADC3 peptides, complement C3 
peptides, peptidomimetics, nucleic acids, agonists or antago- 
nists to be modified so that for example they become more 
lipophilic, favoring entry into the subarachnoid space, the 
cerebral ventricles and brain tissue. This can be achieved by 
introducing hydrophobic molecular constituents or else by 
"packaging" the substances in hydrophobic agents, e.g. 
liposomes. It is additionally possible for example for peptide 
sequences to be attached to ADC3 or complement C3 
peptides, nucleic acids, agonists or antagonists, which favor 
entry into the subarachnoid space or, conversely, impede 
emergence from the subarachnoid space. 

[0068] The invention also encompasses the administration 
of said therapeutic agents by various routes such as, for 
example, as intravenous injection, as substance which can be 
administered orally, as inhalable gas or aerosol, or admin- 
istration in the form of direct injection into the subarachnoid 
space, the cerebral ventricles, or into tissue such as muscle, 
fat, brain etc. It is possible in this way to achieve increased 
bioavailability and efficacy, and an increased local concen- 
tration of these therapeutic agents. For example, peptides or 
proteins administered orally can be protected by acid-resis- 
tant capsules from proteolytic degradation in the stomach. 
Very hydrophobic substances can become more hydrophilic 
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and. thus better suited for, for example, intravenous injec- 
tions by suitable pharmaceutical processing. Further pos- 
sible dosage forms are inter alia packaging of the active 
ingredients in polymers and gels (Atrix Labs, Fort Collins, 
CO, USA, Andrx Pharmaceuticals, Davie, EL USA) etc. 
[0069] A further embodiment of the invention is the use of 
ADC3 peptides or of complement C3 peptides for identify- 
ing receptors which selectively bind these molecules. These 
receptors can also be modulated by administration of ago- 
nists or antagonists, which is expedient for the therapy of 
neurological diseases, especially of Alzheimer's disease. 

[0070] Exemplary embodiments of the examination of the 
therapeutic efficacy of complement C3 peptides, ADC3 
peptides and of agents which modulate the expressiou and 
the bioavailability of these substances encompass the culti- 
vation of cell lines. These cell lines can be treated with 
complement C3 peptides or ADC3 peptides or with pepti- 
domimetics or with substances which promote the expres- 
sion of complement C3 peptides or which promote the 
processing of complement C3 peptides to ADC3 peptides. It 
is possible thereby to establish the biological properties of 
complement C3 and ADC3 peptides in connection with 
neurological diseases, in particular Alzheimer's disease. 
Fusion proteins and fusion peptides can also be used for the 
treatment of the cell lines, e.g. fusion proteins with peptide 
sequences which promote transport of the fusion protein into 
the interior of the cell. Examples of possible fusion partners 
are fflV TAT, antennapedia, herpes simplex VT22 
sequences, etc. It is likewise possible to transfect cell lines 
with expression vectors which bring about, directly or 
indirectly, expression of complement C3 peptides or ADC3 
peptides by the transfected cells. These expression vectors 
may code inter alia for ADC3 peptides or complement C3 
peptides. Simultaneous transfection with different ADC3 
peptides and/or complement C3 peptides can also be carried 
out. Alternatively, suitable cell lines can be treated with 
anti-complement C3 peptide or anti-ADC3 peptide antibod- 
ies or with nucleic acids which suppress the expression of 
complement C3 peptides, such as, for example, complement 
C3 antisense nucleic acids, complement C3 triplex nucleic 
acids, complement C3 RNAi nucleic acids or ribozymes 
directed against complement C3 mRNA Cell lines which 
appear suitable as neurological model systems in connection 
with complement C3 in particular can be used for such 
investigations. Read-out systems which can be used for 
these investigations are inter alia tests which measure the 
rate of proliferation of the treated cells, their metabolic 
activity, the rate of apoptosis of the cells, changes in cell 
morphology, in the expression of cell-intrinsic proteins or 
reporter genes or which measure the release of cytosolic cell 
constituents as markers for cell death. 

[0071] Further test systems which can be used are suitable 
strains of experimental animals, e.g. of mice or rats or other 
species, which are considered as model of neurological 
diseases, in particular as model of Alzheimer's disease. 
These experimental animals can be used to investigate the 
efficacy of therapeutic strategies which aim to modulate the 
concentration of ADC3 peptides or of complement C3 
peptides, it being possible for these peptides and proteins in 
some circumstances to be pharmaceutically processed so 
that they are better able to cross the blood-brain barrier 
and/or the blood-CSF barrier. It is possible to use as phar- 
maceutical processing method inter alia liposome-packaged 



proteins and peptides, proteins and peptides covalently fused 
or noncovalently associated with transport peptides such as, 
for example, the HTV TAT sequence etc. In addition, pep- 
tides and proteins can be chemically modified in such a way 
that they acquire lipophilic properties and are therefore able 
to penetrate more easily into eels. Peptides which are only 
slightly soluble in aqueous solutions can conversely be 
chemically modified so that they become more hydrophilic 
and then can be used for example as intravenously injectable 
therapeutic agent. Acid-resistant capsules can be used to 
protect sensitive substances, intended for oral administra- 
tion, in the stomach. 

[0072] Read-out parameters in experiments with animal 
models may be the survival time of the animals, their 
behaviour, their short-term memory, their learning ability, 
etc. One example of a memory test which is suitable for 
experimental animals such as, for example, rats is the Morris 
water maze test. Further parameters which can be used are 
the determination of body function such as, for example, 
blood tests, measurement of brain currents, metabolism 
tests, the expression of complement C3 peptides and ADC3 
peptides and other proteins associated with the disease, and 
morphological and histological investigations on tissues 
such as, for example, the brain. 

[0073] A further possibility for investigating the function 
of complement C3 peptides and ADC3 peptides is the 
possibility of obtaining experimental animals, by application 
of molecular biology methods, such as, for example, gene- 
deficient animals or transgenic animals in whose organism 
complement C3 peptides or ADC3 peptides are not pro- 
duced, or are produced in reduced or increased amount. It is 
possible in this case for expression to be altered both locally, 
e.g. in the brain, and in the whole organism of the experi- 
mental animal. Suitable experimental animals are, inter alia, 
Caenorhabditis elegans, drosophila, zebra fish, mice, rats 
etc. 

[0074] The invention is illustrated in detail below by 
means of examples. Reference is also made to the figures in 
this connection. 

[0075] FIG. 1: Diagrammatic representation of the 
complement C3 protein with the position of the identified 
ADC3 peptides 

[0076] FIG. 2: Reverse phase chromatography for sepa- 
ration and concentration of the ADC3 peptides from cere- 
brospinal fluid 

[0077] FIG. 3: Mass spectrometric measurement 

(MALDI) of the ADC3-1 peptide as example 

[0078] FIG. 4: MS/MS fragment spectrum for identifying 

peptides for ADC3-1 as example 

[0079] FIG. 5: MALDI as relatively quantifying mass 

spectroscopic method 

[0080] FIG. 6: Box-whisker plot for quantitative compari- 
son of the concentrations of ADC3-1 in healthy controls, in 
patients with Alzheimer's disease and in patients with non- 
Alzheimer dementias, and of chemically modified ADC3-1 
(e.g. the mono- or dioxidized peptide, and the doubly 
charged ADC3-1 peptide ion) 

[0081] FIG. 7 : Box-whisker plot for quantitative compari- 
son of the concentrations of ADC3-2 in healthy controls, in 
patients with Alzheimer's disease and in patients with non- 
Alzheimer dementias 
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[0082] FIG. 8 : Box-whisker plot for quantitative compari- 
son of the concentrations of ADC3-7 in healthy controls, in 
patients with Alzheimer's disease and in patients with non- 
Alzheimer dementias 

[0083] FIG. 9: Box-whisker plot for quantitative compari- 
son of the concentrations of ADC3-8 in healthy controls, in 
patients with Alzheimer's disease and in patients with non- 
Alzheimer dementias 

[0084] FIG. 10: Box-whisker plot for quantitative com- 
parison of the concentrations of ADC3-9 in healthy controls, 
in patients with Alzheimer's disease and in patients with 
non-Alzheimer dementias 

[0085] FIG. 11: Box-whisker plot for quantitative com- 
parison of the concentrations of ADC3-13 in healthy con- 
trols, in patients with Alzheimer's disease and in patients 
with non-Alzheimer dementias 

[0086] FIG. 1 shows a diagrammatic representation of the 
complement C3 peptide with the position of the identified 
ADC3 peptides which are depicted underneath each other in 
the form of an alignment. The theoretical monoisotopic 
masses of the peptides, stated in dalton, were calculated 
using the software GPMAW 4.02. They are: ADC3-1= 
2020.1/ADC3-2=1863.9/ADC3-3=1637.8/ADC3-4= 
1479.7/ADC3-5=1263.6/ADC3-6=1077.6/ADC3-7= 
1933.0/ADC3-8=1776.9/ADC3-9=1846.0/ADC3-10= 
1689.9/ADC3-11=1717.9/ADC3-12=1561.8/ADC3-13= 
1448.7/ADC3-14=1210.6/ADC3-15g990.5 and ADC3- 
161941.4 dalton. The masses actually identified in the mass 
spectrometer differ from these theoretical monoisotopic 
masses because of the natural isotope distribution and of a 
small inaccuracy of measurement. The inaccuracy of mea- 
surement is 500 ppm for peptides in the mass range from 
1000 to 4000 dalton, and the error of measurement for 
peptides with a mass greater than 4000 dalton increases 
slightly. Moreover, the measured mass of all the peptides is 
additionally increased by the mass of 1 proton (=1 dalton) 
owing to the method of measurement used. In addition, it 
was possible to identify the peptide ADC3-1 in the form of 
peptide variants having one and having two additional 
covalently linked oxygen atoms, the mass of the peptide 
being increased by about 16 dalton correspondingly for each 
oxygen atom. The masses experimentally determined for 
ADC3-1 in this connection are: 2038 and 2054 dalton, where 
the mass of ADC3-1 is increased in each case consecutively 
by the mass of one oxygen atom. 

[0087] FIG. 2 shows the elution profile of a sample 
subjected to reverse phase chromatography as in Example 2 
for separation and concentration of the ADC3 peptides from 
cerebrospinal fluid. The position at which the ADC3-1 
peptides elute is marked by an arrow. 

[0088] FIG. 3 shows a spectrum resulting from MALDI 
mass spectrometric measurement of ADC3-1 as in Example 
3 after reverse phase chromatography of human cerebrospi- 
nal fluid as in Example 2. ADC3-1 corresponds to the 
sequence of the C3f peptide derived from complement C3 
and is marked by an arrow. 

[0089] FIG. 4 shows an MS/MS fragment spectrum as in 
Example 4 of the ADC3-1 peptide of the invention. FIG. 4A 
shows the raw data of the measurement, FIG. 4B shows the 
converted, deconvoluted mass spectrum of ADC 3 .j. The 



peak pattern in FIG. 4B is characteristic of ADC 3 .j. ADC3-1 
corresponds to the C3f peptide of the complement C3 
protein (Seq. ID 1). 

[0090] FIG. 5 shows data generated by MALDI as rela- 
tively quantifying MS method. A sample was mixed with 
various amounts of different standard peptides, and the 
intensity both of these standard signals and of representative 
sample signals was measured. All signal intensities of the 
standards were standardized to their signal intensity at a 
concentration of 0.64 fM (=1). Each peptide shows an 
individual typical ratio of signal strength to concentration, 
which can be read off in this diagram from the gradient of 
the plot 

[0091] FIG. 6 shows box-whisker plots for the ADC3-1 
peptide in its dioxidized form (FIGS. 6A and B), in its 
monooxidized form (FIGS. 6C and D), in its unoxidized 
form (FIGS. 6E and F) and as doubly charged ion (FIGS. 
6G and H). The singly charged ion is analyzed in each of 
FIG. 6A to F. Each ADC3-1 variant is shown comparing 
patients with Alzheimer's disease and healthy controls 
(FIGS. 6A, C, E and G) and patients with Alzheimer's 
disease and non-Alzheimer patients (FIGS. 6B, D, F and H). 

[0092] FIGS. 7 to 11 show in the form of box-whisker 
plots a comparison of the integrated MALDI mass spectro- 
scopic signal intensities of ADC3-2, ADC3-7, ADC3-8, 
ADC3-9 and ADC3-13 in healthy controls compared with 
patients with Alzheimer's disease (Fig. A) and of non- 
Alzheimer dementias compared with patients with Alzhe- 
imer's disease (Fig. B). 

EXAMPLE 1 

Obtaining Cerebrospinal Fluid for Determining 
ADC3 Peptides 

[0093] CSF or cerebrospinal fluid (fluid of the brain and 
spinal cord) is the fluid which is present in the four ventricles 
of the brain and in the subarachnoid space and which is 
produced in particular in the choroid plexus of the lateral 
ventricles. Cerebrospinal fluid is usually taken by lumbar 
puncture and less often by suboccipital puncture or ven- 
tricular puncture. In lumbar puncture (spinal puncture), to 
take cerebrospinal fluid, the puncture involves penetration of 
the spinal subarachnoid space between the 3rd and 4th or the 
4th and 5lh lumbar spinous process with a long hollow 
needle, and thus CSF being obtained. The sample is then 
centrifuged at 2000xg for 10 minutes, and the supernatant is 
stored at minus 70° C. 

EXAMPLE 2 

Separation of Peptides in Cerebrospinal Fluid 
(CSF) for Mass Spectrometric Measurement of 
ADC3 Peptides 

[0094] For the detection of ADC3 peptides in CSF by 
mass spectrometry, it is necessary in this example to separate 
the peptide constituents. This sample pretreatment serves to 
concentrate the peptides of the invention and to remove 
components which may interfere with the measurement. The 
separation method carried out is a reverse phase chroma- 
tography. Various RP chromatography resins and eluents are 
equally suitable for this. The separation of ADC3 peptides 
using a C18 reverse phase chromatography column with the 
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size of 4 mmx250 mm supplied by Vydac is described by 
way of example below. Mobile phases of tbe following 
composition were used: mobile phase A: 0.06% (v/v) trif- 
luoroacetic acid, mobile phase B: 0.05% (v/v) trifluoroacelic 
acid, 80% (v/v) acetonitrile. Chromatography took place at 
33° C. using an HP ChemStation 1100 supplied by Agilent 
Technologies with a micro flow cell supplied by Agilent 
Technologies. Human cerebrospinal fluid was used as 
sample. 440 fil of CSF were diluted with water to 1650 fi, 
the pH was adjusted to 2-3, the sample was centrifuged at 18 
OOOxg for 10 minutes and finally 1500 fA of the sample 
prepared in this way were loaded onto the chromatography 
column. The chromatography conditions were as follows: 
5% mobile phase B at time 0 min, from time 1 to 45 min 
continuous increase in the mobile phase B concentration to 
50%, from time 45 to 49 min continuous increase in the 
mobile phase B concentration to 100% and subsequently up 
to time 53 min constant 100% buffer B. Collection of 96 
fractions each of 0.5 ml starts 10 minutes after the start of 
the chromatography. The chromatogram of a cerebrospinal 
fluid sample prepared under the experimental conditions 
described herein is depicted in FIG. 2. 

EXAMPLE 3 

Measurement of Masses of Peptides by Means of 
MALDI Mass Spectrometry 

[0095] For mass analysis, typical positive ion spectra of 
peptides are produced in a MALDI-TOF mass spectrometer 
(matrix-assisted laser desorption ionization). Suitable 
MALDI-TOF mass spectrometers are manufactured by Per- 
Septive Biosystems Framingham (Voy ager-DE, Voyager-DE 
PRO or Voyager-DE STR) or by Broker Daltonik Bremen 
(BIFLEX). The samples are prepared by mixing them with 
a matrix substance which typically consists of an organic 
acid. Typical matrix substances suitable for peptides are 
3,5-dimethoxy-4-hydroxycinnamic acid, a-cyano-4-hy- 
droxycinnamic acid and 2,5-dihydroxybenzoic acid. A dried 
equivalent obtained by reverse phase chromatography and 
corresponding to 400 fd of human cerebrospinal fluid is used 
to measure the ADC3 peptides of the invention. The chro- 
matographed sample is dissolved in 15 /d of a matrix 
solution. This matrix solution contains, for example, 10 g/1 
a-cyano-4-hydroxycinnamic acid and 10 g/1 L(-)fucose 
dissolved in a solvent mixture consisting of acetonitrile, 
water, trifluoroacetic acid and acetone in the ratio 49:49:1:1 
by volume. 0.3 /A of this solution is transferred to a MALDI 
carrier plate, and the dried sample is analyzed in a Voyager- 
DE STR MALDI mass spectrometer from PerSeptive Bio- 
systems. The measurement takes place in linear mode with 
delayed extraction™. As example of a measurement of one 
of the ADC3 peptides of the invention, FIG. 3 shows the 
spectrum of ADC3-1. The peak corresponding to the 
ADC3-1 peptide is marked by an arrow. 

[0096] The MALDI-TOF mass spectrometry can be 
employed to quantify peptides such as, for example, the 
ADC3 peptides of the invention if these peptides are present 
in a concentration which is within the dynamic measurement 
range of the mass spectrometer, thus avoiding detector 
saturation. This is the case for the measurement of the ADC3 
peptides of the invention in cerebrospinal fluid at a CSF 
equivalent concentration of 33.3 (A per /A of matrix solution. 
There is a specific ratio between measured signal and 



concentration for each peptide, which means that the 
MALDI mass spectrometry can preferably be used for the 
relative quantification of peptides. This situation is depicted 
in FIG. 5. If various amounts of different standard peptides 
are added to a sample, it is possible to measure the intensity 
both of these standard signals and of the sample signals. 
FIG. 5 shows by way of example a MALDI measurement as 
relatively quantifying MS method. All signal intensities of 
the standards were standardized to their signal intensity at a 
concentration of 0.64 //mol (=1). Each peptide shows an 
individual, typical ratio of signal strength to concentration, 
which can be read off from the gradient of the plot. 

EXAMPLE 4 

Mass Spectrometric Identification of the ADC3 
Peptides 

[0097] For quantification of the ADC3 peptides of the 
invention it is necessary to ensure that the mass signals to be 
analyzed of peptides in the fractions obtained by reverse 
phase chromatography of cerebrospinal fluid, as in Example 
2, in fact relate to the ADC3 peptides of the invention. The 
peptides of the invention in these fractions are identified for 
example using nanoSpray-MS/MS [11]. This entails an 
ADC3 peptide ion in the mass spectrometer being selected 
in (he mass spectrometer on the basis of its specific m/>: 
(mass/charge) value in a manner known to the skilled 
worker. This selected ion is then fragmented by supplying 
collisional energy with an impinging gas, e.g. argon or 
nitrogen, and the resulting ADC3 peptide fragments are 
detected in the mass spectrometer in an integrated analysis 
unit, and corresponding m/z values are determined (prin- 
ciple of tandem mass spectrometry) [15]. The fragmentation 
behavior of peptides makes unambiguous identification of 
the ADC3 peptides of the invention possible when the 
accuracy of mass of the instruments used is, for example, 50 
ppm by the use of computer-assisted search methods [16] in 
sequence databases into which the sequence of the comple- 
ment C3 precursor molecule has been entered. Oxidized 
peptides can also be identified by this method, taking into 
account the positive shift of the molecular mass by about 16 
dalton, corresponding to the mass of one oxygen atom. 
Other chemically or post-translationally modified peptides 
can also be identified correspondingly. In this specific case, 
the mass spectrometric analysis took place with a quadru- 
pole TOF Instrument, QStar-Pulsar model from Applied 
Biosystems-Sciex, USA. Examples of MS/MS fragment 
spectra are shown in FIG. 4. 

EXAMPLE 5 

Mass Spectrometric Quantification of ADC3 
Peptides to Compare their Relative Concentration 
in Control and Patients' Samples 
[0098] A sample preparation as in Example 1 and 2 
followed by a MALDI measurement of the ADC3 peptides 
of the invention as in Example 3 were carried out for control 
samples and for samples from patients suffering from Alzhe- 
imer's disease. Examples of MALDI signal intensities are 
depicted in the form of box-whisker plots in FIGS. 6 to 11. 
The box-whisker plots depicted make it possible to compare 
the integrated MALDI mass spectrometric signal intensities 
of various ADC3 peptides in controls (healthy subjects, 
patients with non-Alzheimer dementias) with the MALDI 
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signal intensities in samples from Alzheimer's disease 
patients. In these, the box, i.e. the columns in the diagrams 
in FIGS. 6 to 11, in each case includes the range in which 
50% of the respective MALDI signal intensities are to be 
found (2nd and 3rd quartile), and the lines starting from the 
box and pointing upward and downward (whiskers) indicate 
the range in which in each case the 25% of measurements 
which show the highest signal intensities (upper quartile) are 
to be found, and in which the 25% of measurements which 
show the lowest signal intensities (lower quartile) are to be 
found. The full line in the columns indicates the median and 
the broken line in the columns indicates the mean. 
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SEQUENCE LISTING 



<160> DUMBER OF SEQ ID NOS: 19 

<210> SEQ ID NO 1 

<211> LENGTH: 17 

<212> IIPEi PRT 

<213> ORGANISM: homo sapiens 

<400> SEQUENCE: 1 

Ser Ser Lys lie Thr His Arg lie His Trp Glu Ser Ala Ser Leu Leu 
15 10 IS 

Arg 



<210> SEQ ID NO 2 
<211> LENGTH: 16 

<400> SEQUENCE: 2 

Ser Ser Lys He Thr His Arg He His Trp Glu Ser Ala Ser Leu Leu 
15 10 15 
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<400> SEQUENCE: 3 

Ser Ser Lys He Thr His Arg He His Trp Glu Ser Ala Ser 



<213> ORGANISM: h 



r Ser Lys He Thr His Arg He His Trp Glu Ser 



<210> SKQ ID NO 5 

<211> LENGTH: 10 

<212» TYPE: PRT 

<213> ORGANISM: homo sapiens 

<400> SEQUENCE: 5 

Ser Ser Lys He Thr His Arg He His Trp 
1 5 10 



<210> SEQ ID NO 6 

<211> LENGTH : 9 

<212=- TYPE: PRT 

<213> ORGANISM: homo sapiens 

<400> SEQUENCE : 6 

Ser Ser Lys He Thr His Arg He His 



<210> SEQ ID NO 7 

<211> LENGTH: 1G 

<212> TYPE: PRT 

<213> ORGANISM: homo sapiens 

<400> SEQUENCE: 7 

Ser Lye He Ihr His Arg He His Trp Glu Ser Ala Ser Leu Leu Arg 



<210> SEQ ID NO 8 



<400> SEQUENCE: 8 

Ser Lys He Thr His Arg He His Trp Glu 



<210> SEQ ID NO 9 

<211> LENGTH: 15 

<212> TYPE: PRT 

<213> ORGANISM: homo sapiens 



Lys He Thr His Arg He His Trp Glu Ser Ala Ser Leu Leu Arg 
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-continued 



<211> LENGTH: 14 
<212> TYPE: PRT 
<213> ORGANISM: h 



s Arg lie His Trp Glu Ser Ala Ser Leu Leu 



<210> SEQ ID NO 11 
<2U> LENGTH: 14 
<212> TYPE : PRT 
<213> O] 



:le Thr His Arg lie His Trp G 



s Trp Glu Ser Ala Ser Leu Leu 



<210> SEQ ID NO 13 
<211> LENGTH s 12 
<212> TYPE: PRT 
<213> ORGANISM: homo s 



<i0Q> S 

Thr His Arg lie His Trp Glu Ser P. 



<210> SEQ ID NO 14 
<211> LENGTH : ID 
<212> TYPE: PRT 
<213> ORGANISM: homo 



B Trp Glu Ser Ala Ser Leu Leu Arg 



<210* SEQ ID NO 15 

<211> LENGTH: 8 

<212> TYPE: PRT 

<213> ORGANISM: homo sapiens 

<220> FEATURE : 

<221> NAME/KEY: MISC_FEATURE 

<223> OTHER INFORMATION: N-terminal extension rl possible; rl represents 



3Y: MISC_FEATBRE 

an amino acid sequence which corresponds to the sequence or 
of the seguence of the complement C3 from amino acid 1313 t 
whereas r2 may contain 0 to 8 amino acids 

<400> SEQUENCE : 15 



Ser Lys lie Thr His Arg He His 
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the amino acid Arg or no amino acid 
<220> FEATURE: 

<221> NAME /KEY: MISCLFEATURE 

<223> OTHER INFORMATION : N-terminal extension r3 possbile, r3 represi 
a sequence which corresponds to the sequence or parts of the 
sequence of the complement C3 amino acids 1304 to 1311, wherea 
may contain 0 to 8 amino acids 

<400> SEQUENCE : 16 

His Trp Glu Ser Ala Ser Leu Leu 



<210> SEQ ID NO 17 

<2U> LENGTH : 1255 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 



Met Gly Pro Thr Ser Gly Pro Ser Leu Leu Leu Leu Leu Leu Thr His 
15 10 15 

Leu Pro Leu Ala Leu Gly Ser Pro Met Tyr Ser lie He Thr Pro Asn 
20 25 30 

He Leu Arg Leu Glu Ser Glu Glu Thr Met Val Leu Glu Ala His Asp 
35 40 45 

Ala Gin Gly Asp Val Pro Val Thr Val Thr Val His Asp Phe Pro Gly 
50 55 60 

Lys Lys Leu Val Leu Ser Ser Glu Lys Thr Val Leu Thr Pro Ala Thr 
65 70 75 80 

Asn His Met Gly Asn Val Thr Phe Thr He Pro Ala Asn Arg Glu Phe 
85 90 95 

Lys Ser Glu Lys Gly Arg Asn Lys Phe Val Thr Val Gin Ala Thr Phe 
100 105 110 

Gly Thr Gin Val Val Glu Lys Val Val Leu Val Ser Leu Gin Ser Gly 
115 120 125 

Tyr Leu Phe He Gin Thr Asp Lys Thr lie Tyr Thr Pro Gly Ser Thr 
130 135 140 

Val Leu Tyr Arg He Phe Thr Vai Asn His Lys Leu Leu Pro Val Gly 
145 150 155 160 

Arg Thr Val Met Val Asn He Glu Asn Pro Glu Gly He Pro Val Lys 

Gin Asp Ser Leu Ser Ser Gin Asn Gin Leu Gly Val Leu Pro Leu Ser 
180 185 190 

Trp Asp He Pro Glu Leu Val Asn Met Gly Gin Trp Lys He Arg Ala 
195 200 205 

Tyr Tyr Glu Asn Ser Pro Gin Gin Val Phe Ser Thr Gill Phe Glu Val 



Lys Glu Tyr Val Leu Pro Ser Phe Glu Val He Val Glu Pro Thr Glu 
225 230 235 240 
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-continued 

Lys Phe Tyr Tyr lie Tyr Asn Gin Lys Gly Leu Glu Val Thr lie Thr 
245 250 255 

Ala Arg Phe Leu Tyr Gly Lye Lys Val Glu Gly Thr Ala Phe Val He 
260 265 270 

Phe Gly He Gin Asp Gly Glu Gin Arg He Ser Leu Pro Glu Ser Leu 
275 280 285 

Lys Arg He Pro He Glu Ab P Gly Ser Gly Glu Val Val Leu Ser Arg 
290 295 300 

Lys Val Leu Leu Asp Gly Val Gin Asn Leu Arg Ala Glu Asp Leu Val 
305 310 315 320 

Gly Lye Ser Leu Tyr Val Ser Ala Thr Val He Leu His Ser Gly Ser 
325 330 335 

Asp Met Val Gin Ala Glu Arg Ser Gly He Pro He Val Thr Ser Pro 
340 345 350 

Tyr Gin He His Phe Thr Lys Thr Pro Lys Tyr Phe Lys Pro Gly Met 
355 360 365 

370 P 375 380 

Tyr Arg Val Pro Val Ala Val Gin Gly Glu Asp Thr Val Gin Ser Leu 
385 390 395 400 

Thr Gin Gly Asp Gly Val Ala Lys Leu Ser He Asn Thr His Pro Ser 
405 410 415 

Gin Lys Pro Leu Ser He Thr Val Arg Thr Lys Lys Gin Glu Leu Ser 
420 425 430 

Glu Ala Glu Gin Ala Thr Arg Thr Met Gin Ala Leu Pro Tyr Ser Thr 
435 440 445 

Val Gly Asn Ser Asn Asn Tyr Leu His Leu Ser Val Leu Arg Thr Glu 
450 455 460 

Leu Arg Pro Gly Glu Thr Leu Asn Val Asn Phe Leu Leu Arg Met Asp 
465 470 475 4B0 

Arg Ala His Glu Ala Lys He Arg Tyr Tyr Thr Tyr Leu He Met Asn 
4B5 490 495 

Lys Gly Arg Leu Leu Lys Ala Gly Arg Gin Val Arg Glu Pro Gly Gin 

Asp Leu Val Val Leu Pro Leu Ser He Thr Thr Asp Phe He Pro Ser 
515 520 525 

Phe Arg Leu Val Ala Tyr Tyr Thr Leu He Gly Ala Ser Gly Gin Arg 
530 535 540 

Glu Val Val Ala Asp Ser Val Trp Val Asp Val Lys Asp Ser Cys Val 
545 550 555 560 

Gly Ser Leu Val Val Lys Ser Gly Gin Ser Glu Asp Arg Gin Pro Val 
565 570 575 

Pro Gly Gin Gin Met Thr Leu Lys He Glu Gly Asp His Gly Ala Arg 
580 585 590 

Val Val Leu Val Ala Val Asp Lys Gly Val Phe Val Leu Asn Lys Lys 

Asn Lys Leu Thr Gin Ser Lys He Trp Asp Val Val Glu Lys Ala Asp 
610 S15 620 

He Gly Cys Thr Pro Gly Ser Gly Lys Asp Tyr Ala Gly Val Phe Ser 
625 630 635 640 

Asp Ala Gly Leu Thr Phe Gin Gin Leu Ala Phe Arg Gin Pro Sex Ser 
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-continued 



645 650 655 

Ala Phe Ala Ala Phe Val Lys Arg Ala Pro Ser Thr Trp Leu Thr Ala 
660 665 670 

Tyr Val Val Lys Val Phe Ser Leu Ala Val Asn Leu He Ala He Asp 
675 680 685 

Ser Gin Val Leu Cys Gly Ala Val Lys Trp Leu He Leu Glu Lys Gin 
690 695 700 

Lys Pro Asp Gly Val Phe Gin Glu Asp Ala Pro Val He His Gin Glu 
705 710 715 720 

Met He Gly Gly Leu Arg Asn Asn Asn Glu Lys Asp Met Ala Leu Thr 
725 730 735 

Ala Phe Val Leu He Ser Leu Gin Glu Ala Lys Asp He Cye Glu Glu 
740 745 750 

Gin Val Asn Ser Leu Pro Gly Ser He Thr Lys Ala Gly Asp Phe Leu 
755 760 ~ 765 

Glu Ala Asn Tyr Met Asn Leu Gin Arg Ser Tyr Thr Val Ala lie Ala 
770 775 780 

Gly Tyr Ala Leu Ala Gin Met Gly Arg Leu Lys Gly Pro Leu Leu Asn 
785 790 795 800 

Lys Phe Leu Thr Thr Ala Lys Asp Lys Asn Arg Trp Glu Asp Pro Gly 

Lys Gin Leu Tyr Asn Val Glu Ala Thr Ser Tyr Ala Leu Leu Ala Leu 
820 825 830 

Leu Gin Leu Lys Asp Phe Asp Phe Val Pro Pro Val Val Arg Trp Leu 
835 840 845 

Asn Glu Gin Arg Tyr Tyr Gly Gly Gly Tyr Gly Ser Thr Gin Ala Thr 
850 855 860 

Phe Met Val Phe Gin Ala Leu Ala Gin Tyr Gin Lys Asp Ala Pro Asp 
865 870 875 880 

His Gin Glu Leu Asn Leu Asp Val Ser Leu Gin Leu Pro Ser Arg Ser 
BBS 890 895 

Ser Lys He Thr His Arg lie His Trp Glu Ser Ala Ser Leu Leu Arg 
900 905 910 

Ser Glu Glu Thr Lys Glu Asn Glu Gly Phe Thr Val Thr Ala Glu Gly 
915 920 925 

Lys Gly Gin Gly Thr Leu Ser Val Val Thr Met Tyr His Alo Lys Ala 
930 935 940 

Lys Asp Gin Leu Thr Cys Asn Lys Phe Asp Leu Lys Val Thr lie Lys 
945 950 955 960 

Pro Ala Pro Glu Thr Glu Lys Arg Pro Gin Asp Ala Lys Asn Thr Met 



He Leu Glu He Cys Thr Arg Tyr Arg Gly Asp Gin Asp Ala Thr Met 
980 985 990 



Asp Leu Lys Gin Leu Ala Asn Gly Val Asp Arg Tyr He Ser Lys 
1010 1015 1020 

Ser Asp Arg Asn Thr Leu He He 



r Glu Asp Asp Cys Leu Ala P 
1050 
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-continued 

Lye Val His Gin Tyr Phe Asn Val Glu Leu He Gin Pro Gly Ala 
1055 1060 1065 

Val Lys Val Tyr Ala Tyr Tyr Asn Leu Glu Glu Ser Cys Thr Arg 
1070 1075 1080 

Phe Tyr His Pro Glu Lys Glu Asp Gly Lye Leu Asn Lys Leu Cys 
1085 1090 1095 

Arg Asp Glu Leu Cys Arg Cys Ala Glu Glu Asn Cys Phe He Gin 
1100 1105 1110 

Lys Ser Asp Asp Lys Val Thr Leu Glu Glu Arg Leu Asp Lys Ala 
1115 1120 1125 

Cys Glu Pro Gly Val Asp Tyr Val Tyr Lys Thr Arg Leu Val Lys 
1130 1135 1140 

Val Gin Leu Ser Asn Asp Phe Asp Glu Tyr He Met Ala He Glu 
1145 1150 1155 

Gin Thr He Lys Sar Gly Ser Asp Glu Val Gin Val Gly Gin Gin 
1160 1165 1170 

Arg Thr Phe He Ser Pro He Lys Cys Arg Glu Ala Leu Lys Leu 
1175 1180 1185 

Glu Glu Lys Lys His Tyr Leu Met Trp Gly Leu Ser Ser Asp Phe 
1190 1195 1200 

Trp Gly Glu Lys Pro Asn Leu Ser Tyr He He Gly Lys Asp Thr 
1205 1210 1215 

Trp Val Glu His Trp Pro Glu Glu Asp Glu Cys Gin Asp Glu Glu 
1220 1225 1230 

Asn Gin Lys Gin Cys Gin Asp Leu Gly Ala Phe Thr Glu Ser Met 
1235 1240 1245 

Val Val Phe Gly Cys Pro Asn 
1250 1255 

<211> LENGTH: 5067 



<400> SEQUENCE: 18 

ctcctcocca tcotctccct ctgtccctct gtccctctga ccctgoaotg tcccagoacc 60 

atgggaccca cctcaggtcc cagcctgctg ctcctgctac taacccacct ccccctggct 120 

ctggggagtc ccatgtactc tatcatcacc cccaacatct tgcggctgga gagcgaggag 180 

accatggtgc tggaggccca cgacgcgcaa ggggatgttc cagtcactgt tactgtccac 240 

gacttcccag gcaaaaaact agtgctgtcc agtgagaaga ctgtgctgac ccctgccacc 300 

aaccacatgg gcaacgtcac cttcacgatc ccagcoaaca gggagttcaa gtcagaaaag 360 

gggcgcaaca agttcgtgac cgtgcaggee accttcggga cccaagtggt ggagaaggtg 120 

gtgctggtca gcctgoagag cgggtacctc ttcatccaga cagaoaagac catctacacc 480 

cctggctcca cagttotcta tcggatottc accgtcaaco acaagctgct acccgtgggc 540 

cggacggtca tggtcaacat tgagaacccg gaaggcatcc cggtcaagca ggactccttg 600 

tcttctcaga accagcttgg cgtcttgocc ttgtcttggg acattccgga actcgtcaac 660 

atgggccagt ggaagatccg agcctactat gaaaactcac cacagcaggt cttctccact 720 

gagtttgagg tgaaggagta cgtgctgccc agtttcgagg tcatagtgga gcctacagag 7B0 
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-continued 

aaattctact acatctataa cgagaagggc ctggaggtca ccatcaccgc caggttcctc 840 

tacgggaaga aagtggaggg aactgccttt gtcatcttcg ggatccagga tggcgaacag 900 

aggatttcoc tgcctgaatc cctcaagcgc attoogattg aggatggctc gggggaggtt 960 

gtgctgagcc ggaaggtact gctggacggg gtgcagaacc cccgagcaga agacctggtg 1020 

gggaagtctt tgtaogtgtc tgccaccgtc atcttgcact caggcagtga catggtgcag 1080 

cooaagtaot tcaaaccagg aatgcccttt gaoctoatgg tgttcgtgac gaaccctgat 1200 

ggctctccag cotaccgagt ccccgtggca gtccagggcg aggacactgt gcagtctcta 1260 

acccagggag atggcgtggc caaactcagc atcaacacac accccagcca gaagcccttg 1320 

agcatcacgg tgcgcacgaa gaagcaggag ctctcggagg cagagcaggc taccaggacc 1380 

atgcaggctc tgccctacag caccgtgggc aactccaaca attacctgca tctctcagtg 1440 

cgcgcccacg aggccaagat ccgctactac acctacctga tcatgaacaa gggcaggctg 1560 

ttgaaggcgg gacgccaggt gcgagagccc ggccaggacc tggtggtgot gcccotgtcc 1620 

atcaocaccg acttcatccc ttccttccgc ctggtggcgt actacacgct gatcggtgoo 1680 

agcggccaga gggaggtggt ggccgactcc gtgtgggtgg acgtcaagga ctcctgcgtg 1740 

ggctcgctgg tggtaaaaag cggccagtca gaagaccggc agcctgtacc tgggcagcag 1800 

atgaccctga agatagaggg tgaccacggg gcccgggtgg tactggtggc cgtggacaag 1860 

ggcgtgttcg tgctgaataa gaagaacaaa ctgacgcaga gtaagatctg ggacgtggtg 1920 

gagaaggcag acatcggctg caccccgggc agtgggaagg attacgccgg -tgtct-tctcc 1980 

gacgcagggc tgaccttcac gagcagcagt ggccagcaga ccgcccagag ggcagaactt 2040 

cagtgcccgc agccagccgc ccgccgacgc cgttccgtgc agctcacgga gaagcgaatg 2100 

gacaaagtcg gcaagtaccc caaggagctg ogcaagtgct gcgaggacgg catgcgggag 2160 

aaccccatga ggttctcgtg ccagcgccgg acccgtttca tctccctggg cgaggcgtgc 2220 

aagaaggtct tcctggactg ctgcaactac atcacagagc tgcggcggca gcacgcgcgg 2280 

gccagccacc tgggcctggc caggagtaac ctggatgagg acatcattgc agaagagaac 2340 

atcgtttccc gaagtgagtt cocagagagc tggctgtgga acgttgagga ottgaaagag 2400 

ccaccgaaaa atggaatctc tacgaagctc atgaatatat ttttgaaaga ctccatcacc 2460 

acgtgggaga ttctggctgt gagcatgtcg gacaagaaag ggatctgtgt ggcagacccc 2520 

ttcgaggtca cagtaatgca ggacttcttc atcgacctgc ggctacccta ctctgttgtt 2580 

ogaaacgagc aggtggaaat ccgagccgtt ctctacaatt acoggcagaa ccaagagctc 2640 

aaggtgaggg tggaactact ccacaatoca gccttctgca gcctggccac caccaagagg 2700 

cgtcaccagc agaccgtaac catccccocc aagtcctcgt tgtccgttcc atatgtcatc 2760 

gtgccgctaa agaccggcct gcaggaagtg gaagtcaagg ctgctgtcta ccatcatttc 2820 

atcagtgacg gtgtcaggaa gtccctgaag gtcgtgccgg aaggaatcag aatgaacaaa 2880 

actgtggctg ttcgcaccct ggatccagaa cgcctgggcc gtgaaggagt gcagaeagag 2940 

gacatcccac ctgcagacct cagtgaccaa gtcccggaca ccgagtctga gaccagaatt 3000 

ctcctgcaag ggacccoagt ggoccagatg acagaggatg ccgtcgacgc ggaacggctg 3060 



US 2005/0048584 Al 



-continued 

aagcacctca ttgtgacccc ctcgggctgc ggggaacaga acatgatcgg catgacgccc 3120 

acggtcatcg ctgtgcatta cctggatgaa acggagcagt gggagaagtt cggcctagag 3180 

aagcggoagg gggccttgga gctcatcaag aaggggtaca cccagcagct ggccttcaga 3240 

caacccagct ctgcctttgc ggccttcgtg aaacgggcac ccagcacctg gctgaccgcc 3300 

tacgtggtca aggtcttctc tctggctgtc aacctcatcg ccatcgactc coaagtcctc 3360 

tgcggggctg ttaaatggot gatcctggag aagcagaago ccgacggggt cttccaggag 3420 

gatgcgcccg tgatacacca agaaatgatt ggtggattac ggaacaacaa cgagaaagac 3480 

atggccctca cggcctttgt tctcatctcg ctgcaggagg ctaaagatat ttgcgaggag 3540 

caggtcaaca gcctgccagg cagcatcact aaagcaggag acttccttga agccaactac 3600 

atgaacctac agagatccta cactgtggcc attgctggct atgctctggc ccagatgggc 3660 

aggctgaagg ggcctcttct taacaaattt ctgaccacag ccaaagataa gaaccgctgg 3720 

gaggaccctg gtaagcagct ctacaacgtg gaggccacat cctatgccct cttggcocta 3780 

ctgcagctaa aagactttga ctttgtgcct cccgtcgtgc gttggctcaa tgaacagaga 3B40 

tactacggtg gtggctatgg ctctacccag gccaccttca tggtgttcca agccttggct 39D0 

caataccaaa aggacgcccc tgaccaccag gaactgaaco ttgatgtgtc cctccaactg 3960 

cccagccgca gctccaagat cacccaccgt atccactggg aatctgccag cctcctgega 4020 

tcagaagaga ccaaggaaaa tgagggtttc acagtcacag ctgaaggaaa aggocaaggo 40B0 

accttgtcgg tggtgacaat gtaccatgct aaggccaaag atcaactcac ctgtaataaa 4140 

ttcgacctca aggtcaccat aaaaccagca ccggaaacag aaaagaggcc tcaggatgcc 42D0 

aagaacaota tgatccttga gatctgtacc aggtaccggg gagaccagga -tgccartatg 4260 

tctatattgg acatatccat gatgactggc tttgctccag acacagatga cctgaagcag 4320 

ctggccaatg gtgttgacag atacatctcc aagtatgagc tggacaaagc cttctccgat 43B0 

aggaacaccc tcatcatcta cctggacaag gtctcacact ctgaggatga ctgtctagct 4440 

ttcaaagttc accaatactt taatgtagag cttatccagc ctggagcagt caaggtcrtac 4500 

gcctattaca acctggagga aagctgtacc cggttctacc atccggaaaa ggaggatgga 4550 

aagctgaaca agctctgccg tgatgaactg tgccgctgtg ctgaggagaa ttgcttcata 4620 

caaaagtcgg atgacaaggt caccctggaa gaacggctgg acaaggcctg tgagccagga 4680 

gtggactatg tgtacaagac ccgactggtc aaggttcagc tgtccaatga ctttgacgag 4740 

tacatcatgg ccattgagca gaccatcaag toaggctcgg atgaggtgca ggttggacag 4800 

cagcgcacgt tcatcagccc catcaagtgc agagaagccc tgaagctgga ggagaagaaa 4860 

cactacctca tgtggggtct ctcctccgat ttctggggag agaagcccaa cctcagctac 4920 

atcatcggga aggacacttg ggtggagcac tggcccgagg aggacgaatg ccaagacgaa 49B0 

gagaaccaga aacaatgcca ggacctcggc gccttcaccg agagcatggt tgtctttggg 5040 

tgcccoaact gaccacaccc ccattcc 5067 
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1. A method foe detecting Alzheimer's disease or a 
predisposition to Alzheimer's disease through determination 
of at least one ADC3 marker peptide or a peptide which is 
derived from the sequence having the Swiss prot accession 
no. P01024 or a sequence homologous thereto in an indi- 
vidual's biological sample. 

2. A method for detecting Alzheimer's disease or a 
predisposition to Alzheimer's disease with determination of 
the concentration of at least one marker peptide in a patient's 
biological sample, characterized in that 

a) at least one ADC3 peptide or a marker peptide derived 
from the sequence having the Swiss prot accession no. 
P01024 or a sequence homologous thereto is used as 
marker peptide, 

b) a concentration increase or concentration reduction 
which is specific for the particular marker peptide is 
found in the sample, 

c) a significant marker peptide concentration change in 
the manner mentioned under b) is regarded as positive 
detection result for Alzheimer's disease. 

3. The method as claimed in claim 1, characterized in that 
the peptide is present in the sample in post-translational 
modifications or in chemically modified form, preferably as 
peptide oxide, and is detected in this form. 

4. The method as claimed in claim 1, characterized in that 
the biological sample is cerebrospinal fluid, serum, plasma, 
urine, synovial fluid, stool, tear fluid, lymph or a tissue 
sample or cell sample or is obtained therefrom by process- 
ing. 

5. The method as claimed in claim 1, characterized in that 
the ADC3 peptides are determined with the aid of a mass 
spectrometric or of a biological activity assay or of a 
molecular biology or of an immunological assay, preferably 
with the aid of ADC3 peptide-binding phage particles, 
PNAs, antibodies, affinity matrices or of an ELISA assay. 

6. The method as claimed in claim 1 characterized in that 
before the determination the sample is fractionated by 
chromatography and/or subjected to a precipitation reaction 
and/or a liquid phase separation, with the resulting fractions 
subsequently being investigated separately. 

7. The method as claimed in claim 1, characterized 

a) in that the method is carried out to increase the 
sensitivity and/or specificity of the diagnosis in com- 
bination with other diagnostic methods or 

b) in that the concentration of the marker peptide is used 
as measure of the severity of the disease. 

8. A method for obtaining an ADC3 peptide, including 
pos-translationally or chemically modified peptides by iso- 
lation from a biological sample, by recombinant production 
or by chemical synthesis, where the ADC3 peptides 

a) are peptides as shown in Seq. ID 1 to Seq. ID 16, or 

b) are derivatives of naturally occurring complement C3 
alleles of these peptides, or 

c) are ADC3 mutants preferably having not more than 2 
different amino acids compared with the corresponding 
section of the complement C3 sequence. 

9. Peptides as shown in Seq. ID 3 to Seq. ID 16, or 
peptides which are homologous to peptides corresponding to 
Seq. ID 1 to Seg. ED 16, in particular derivatives of naturally 
occurring complement C3 alleles or point-mutated, or post- 
translationally, enzymatically or chemically modified, pref- 



erably oxidized ADC3 peptides, or peptidomimetics corre- 
sponding to the aforementioned petides. 

10. The use of at least one of the peptides as claimed in 
claim 9 or of peptides which are homologous to the peptide 
having the Swiss prot accession no. P01024 for the produc- 
tion or development of a diagnostic reagent or of a thera- 
peutic agent, in particular for obtaining antibodies as diag- 
nostic reagent for Alzheimer's disease. 

11. Antibodies which are directed against ADC3 peptides. 

12. The use of nucleic acids corresponding to the peptides 
as shown in Seq. ED 1 to Seq. ID 16 or to the sequence 
having the NCBI accession no. XM_009010 for indirect 
determination of the relative concentration of the relevant 
peptides and peptide fragments for diagnosing Alzheimer's 
disease. 

13. Nucleic acids which code for ADC3 peptides, or 
nucleic acids which are complementary to nucleic acids 
which code for ADC3 peptides. 

14. Medicaments or diagnostic aids comprising ADC3 
peptides or corresponding peptidomimetics- or comprising 
antibodies against ADC3 peptides or comprising nucleic 
acids which code for ADC3 peptides or nucleic acids which 
are complementary to nucleic acids which code for ADC3 
peptides. 

15. Medicaments or diagnostic aids comprising sub- 
stances corresponding to claim 14 and at least one further 
pharmacologically acceptable substance, preferably a sol- 
vent, a filler, a preservative or a color or a flavoring. 

16. A test kit for detecting Alzheimer's disease or a. 
predisposition to Alzheimer's disease comprising at least 
one antibody which is directed against an ADC3 peptide and 
which is present in immobilized or labeled form, or in a form 
which makes immobilization or labeling possible. 

17. The test kit as claimed in claim 16, characterized in 
that a standard consisting of at least one ADC3 peptide is 
additionally present. 

18. The method as claimed in claim 2, characterized in 
that the peptide is present in the sample in post-translational 
modifications or in chemically modified form, preferably as 
peptide oxide, and is detected in this form. 

19. The method as claimed in claim 2, characterized in 
that the biological sample is cerebrospinal fluid, serum, 
plasma, urine, synovial fluid, stool, tear fluid, lymph or a 
tissue sample or cell sample or is obtained therefrom by 
processing. 

20. The method as claimed in claim 2, characterized in 
that the ADC3 peptides are determined with the aid of a 
mass spectrometric or of a biological activity assay or of a 
molecular biology or of an immunological assay, preferably 
with the aid of ADC3 peptide-binding phage particles, 
PNAs, antibodies, affinity matrices or of an ELISA assay. 

21. The method as claimed in claim 2, characterized in 
that before the determination he sample is fractionated by 
chromatography and/or subjected to a precipitation reaction 
and/or a liquid phase separation, with the resulting fractions 
subsequently being investigated separately. 

22. The method as claimed in claim 2, characterized 

a) in that the method is carried out to increase the 
sensitivity and/or specificity of the diagnosis in com- 
bination with other diagnostic methods or 

b) in that the concentration of the marker peptide is used 
as measure of the severity of the disease. 



